Abstract: Malaria is endemic in the Cukurova region while it is sporadic in other regions of Turkey. Therefore, the laboratory and clinical diagnosis of malaria is important for the treatment of malaria. In this study, 92 blood samples that were taken from the suspected malaria patients for routine diagnosis in a period of 10 years between 1999 and 2009 were analyzed. All of these blood samples were examined by microscopic examinations using Giemsa-stained thick blood films, nested PCR, and real-time PCR. The sensitivity-specificity and positive-negative predictive values for these diagnostic tests were then calculated. It was found that the positive predictive values of microscopic examination of thick blood films, nested PCR, and real-time PCR were 47.8%, 56.5%, and 60.9% for malaria, respectively. The real-time PCR was found to have a specificity of 75% and sensitivity of 100%, while specificity and sensitivity of nested PCR was found 81.2% and 97.7% according to the microscopic examination of thick blood films, respectively.
INTRODUCTION
Plasmodium vivax is the most widely distributed malaria species particularly in the Cukurova region in southern parts of Turkey [1] . P. vivax infections are rarely fatal but it can lead to a very debilitating illness [2] . Its clinical features are not enough for an accurate diagnosis, since its clinical features are shared by a host of other occurring infections, such as visceral leishmaniasis, typhoid, and tuberculosis [3] . Therefore, laboratory methods are significant for the diagnosis of P. vivax infections [4] . The laboratory diagnosis of P. vivax infections usually relies on the microscopic examination of Giemsa-stained thick and thin blood films, immunochromatographic tests, and serological methods [5] [6] [7] . These methods provide a cost effective, rapid diagnostic tool which can easily be applied in the field [8] . Nonetheless, these methods are prone to misdiagnosis especially in the cases of mixed infections and low level parasitemia [5, [9] [10] [11] .
Molecular techniques had been developed recently, such as real-time PCR and nested PCR, for the diagnosis of malaria. The real-time PCR produce rapid results with very low contamination risks, a high sensitivity and specificity, and the possibility of quantification [12] [13] [14] . Nested PCR based methods, on the other hand, are also sensitive and specific but are labor intensive [15] .
In this study, 92 malaria-suspected cases were analyzed by conventional methods including microscopic examination of thick blood films, nested PCR, and TaqMan-based real-time PCR qualitative assay, in Cukurova region belonging to the southern part of Turkey. The genus-specific nested PCR was carried out to confirm that the samples were truly positive for malaria and the patients were actually infected with Plasmodium spp. On the other hand, these cases were identified by species-specific TaqMan real-time PCR and nested PCR.
MATERIALS AND METHODS

Blood samples and laboratory methods
After giving informed consent, 92 blood samples were taken from suspected malaria patients coming for the routine diagnosis in the Parasitology Department, Faculty of Medicine, Cukurova University in Turkey for a period of 10 years between 1999 and 2009. Thick blood films were prepared from all blood samples. The smears were examined by 2 parasitologists and were considered negative if no parasites were seen under × 100 objective.
Nested PCR
The genomic DNA was extracted from all of the blood samples using Agencourt Genfind v2 DNA isolation kit (Beckman Coulter, Beverly, Massachusetts, USA) according to the manufacturers' protocol.
This DNA templates were used for the amplification with thermal cycler (Sensoquest, Go_ ttingen, Germany) using a genusspecific primer set (rPLU5 and rPLU6; Table 1 ) as described by Perandin et al. [16] . In order to assess P. vivax, a species-specific primer (rVIV1 and rVIV2; Table 1 ) set was used [16] . All of the PCR reaction mixtures (100 ml of total volume) consisted of 250 mM deoxynucleoside triphosphate (Fermantas RO191), 10 × PCR buffer (500 mM KCl, 100 mM Tris-HCl [pH 8.3], 20 mM MgCl2), 2 U/ml Taq DNA polymerase (Fermantas SB38) and 5 pmol of each primer set. The thermal cycling began with denaturation at 95℃ for 5 min, followed by 25 cycles of 94℃ for 30 sec, 58℃ for 2 min, and 72℃ for 2 min, with final incubation at 72℃ for 5 min. Five-ml aliquots of the product were used for the second amplification cycle (nested 2) using the same PCR conditions and thermal cycle except the use of 30 cycles instead of 25. PCR products were analyzed on agarose gels of 2.5% by electrophoresis at 100 V in 1 × Tris-Boric-EDTA buffer (0.04 M Tris-boric and 1 mM EDTA pH 8.0) and then visualized by UV light after being stained with ethidium bromide.
Real-Time PCR
The real-time PCR assay was performed using species-specific primer (VIV-F and VIV-R) and TaqMan fluorescence-labeled probe (VIV probe) for the detection of P. vivax (Table 1) [16] . The probe was labeled with 3′ 6-carboxyfluorescein (FAM) and TaqMan fluorescence. The real-time PCR mix comprised of 25 ml of TaqMan 2x universal PCR master mix (Applied Biosystems, Inc., Foster City, California, USA), a 300 nM concentration of P. vivax species-specific primer set, a 200 nM concentration of probe, and 5 ml of genomic DNA samples. The real-time PCR mixtures were preincubated at 50℃ for 2 min followed by denaturation at 95℃ for 10 min and 50 cycles of 95℃ for 15 sec and 60℃ for 1 min using Stratagene Mx3,000 p Real-Time PCR system.
RESULTS
Total 92 blood samples from patients suspected with malaria were examined by the microscopic examination of thick blood films, nested PCR, and real-time PCR. Microscopic examination was positive for 47.8% patients (44/92).
All of the DNA samples were screened for the presence of Plasmodium spp. with the rPLU5 and rPLU6 genus-specific primers; and the PCR products were considered positive when a band of correct size of ~1,200 bp was observed for Plasmodium isolates (Fig. 1) . Moreover, all of the DNA samples were screened for the identification of Plasmodium spp. with rVIV1 and rVIV2 species-specific primers for P. vivax. The PCR product sizes of Plasmodium spp. isolates were found to be approximately 120 (Fig. 3) . Furthermore, the sensitivity-specificity of nested PCR and real-time PCR according to microscopic examination of thick blood films was calculated in this study. It was found that sensitivities were 97.7%, and 100%, respectively. The specificity of nested PCR and real-time PCR were found 81.2% and 75%, respectively (Table 2) .
DISCUSSION
Routine laboratory diagnosis of malaria is usually based on microscopic examination of Giemsa-stained thick and thin blood films, immunochromatographic tests, and serological methods [6] . The advantages offered by these tests is, the fact that a result can be obtained within half an hour [11, 16, 17] . On the other hand, sensitivity decreases with these tests as parasitemia falls below 100 parasites/ml and false negatives are observed [11, 18, 19] .
The real-time PCR and nested PCR with specific primers and a labeled probe of the 18S rRNA gene had been developed for the detection of malaria parasites [3, 6, 18, 19] . The standardized 18S rRNA gene real-time PCR sensitivity was 5 times more sen- sitive than nested PCR (5-10 parasite/ml), 20 times more sensitive than microscopic examination (10-50 parasites/ml) [9] . The real-time PCR has more advantages than the other diagnosis molecular methods, such as nested PCR [11, 16] . The risk of contamination at the real-time PCR is far lower than the risk in nested PCR because it is a closed-tube reaction [15, 16, 20] . The real-time PCR assay is also rapid and can reliably distinguish between 2 alleles following a single 3-hr experiment [16, 21, 22] . It has a higher reported sensitivity from 98% to 100% [11, 22] . Boonma et al. [5] have studied multiplex PCR, nested PCR and real-time PCR assay for detected P. vivax, they have found that the real-time PCR is more sensitivity than the other tests. Farcas et al. [15] and Keen et al. [23] have reported that the sensitivity of real-time PCR (100%) over than the sensitivity of nested PCR. Similar results were found for the sensitivity of real-time PCR (100%) regarding the diagnosis of malaria in this study. The sensitivities of real-time PCR and nested PCR according to microscopic examination of thick blood films, were also compared and it was found that real-time PCR is more sensitive (100%) than the other tests.
The real-time PCR has been reported to be more useful than conventional laboratory methods, such as microscopic examination, immunochromatographic tests, and PCR, for the diagnosis of low-level parasitemia, and the correct diagnosis and treatment of malaria parasite species [5, 22] . This study confirms these findings; displaying that real-time PCR was useful method when compared with microscopy of thick blood films and nested PCR.
